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A Simulations Approach to Discerning Possible 
Sister-groups of Dioecotaenia Schmidt, 1969 
(Cestoda: Tetraphyllidea: Dioecotaeniidae) 
DANIEL R. BROOKS 
Department of Zoology, University of British Columbia, 
2075 Wesbrook Mall, Vancouver, B.C. V6T 2A9, Canada 
ABSTRACT: Apparent common architectural constraints in the structure of the bothridia of both 
species of Dioecotaenia permit testing of a number of models for the evolution of the scolex of 
Dioecotaenia from that found in other tetraphyllidean cestodes. Although presently known species 
of Dioecotaenia exhibit bothridialloculi in the shape of hexagons, derivation of those bothridia from 
an ancestor possessing a single central hexagonal bothridium with marginal loculi would not produce 
total bothridialloculi numbers consistent with those known. A more feasible derivation involves an 
ancestral form exhibiting three linear loculi. If the loculi are arranged vertically, as in species of 
Rhinebothrium, orientation of the bothridia would have undergone a 90° shift in orientation at some 
point to achieve the orientation seen today in Dioecotaenia spp. If the bothridialloculi were arranged 
horizontally, simple addition of rows of three loculi, with subsequent modification of their shape into 
hexagons permitting closer packing, would account for the observed bothridial morphology. Trita-
phros retzii, a parasite of European rajiform elasmobranchs, exhibits three bothridialloculi arranged 
horizontally. 
Schmidt (1969) redescribed Rhinebothrium cancellatum Linton and discovered 
that it possessed a number of features unique among tetraphyllidean cestodes. 
Those features included: (1) a dioecious nature, with separate female and male 
strobilae, (2) hypodermic impregnation, (3) compact vitellaria accreted to the 
ovary, (4) no vaginal pore or vagina, and (5) an internal seminal vesicle. The 
scolex of Dioecotaenia cancellata, as the species was renamed, comprises four 
sessile loculated bothridia exhibiting a locular architecture unknown among tet-
raphyllidean cestodes (Fig. 1). Because the species possessed a scolex formed 
of four bothridia, Schmidt placed it in the Tetraphyllidea; because of its unique 
traits, he placed it in its own family. To this date, no one has ventured an opinion 
about the relationships of Dioecotaenia to other cestodes. 
I became interested in the problem of Dioecotaenia and its possible relatives 
while aiding description of the second member of the genus and family, D. camp-
belli Mayes and Brooks. I noticed that both species exhibited bothridial archi-
tecture marked by common structural constraints. I derived the simple algebraic 
formula describing those constraints and used it to simulate hypothetical bo-
thridial morphotypes other than those known. The simulations produced three pat-
terns of development, two of which were rejected because they satisfied only 
some of the architectural constraints. The accepted hypothetical line of devel-
opment suggests an archetypal bothridial morphology which is found in a known 
tetraphyllidean, and demonstrates several possible scenarios deriving the scolices 
of D. cancellata and D. campbelli from the archetypal pattern. Because this 
study represents the first attempt to find the sister-group of Dioecotaenia, I make 
no claim that my analysis represents anything more than a "bold hypothesis" 
sensu Popper (1968). It does, however, make predictions which may be tested by 
new collections. 
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Figure 1. Bothridial architecture of Dioecotaenia campbelli. 
Architecture of Dioecotaenia Bothridia 
Schmidt (1969) noted that the bothridialloculi of Dioecotaenia cancellata num-
bered 21, and that they could be viewed as arranged in three rows of seven loculi 
each or as one central row of five loculi surrounded by 16 marginal loculi. Mayes 
and Brooks (1980) noted for D. campbelli 24 loculi, in three rows of eight loculi 
each or one central row of six loculi surrounded by 18 marginal loculi. Algebra-
ically, those observations may be expressed as follows, 
3(X) = (X - 2) + (2X + 2) 
where X = 7 for D. cancellata and X = 8 for D. campbelli. Additionally, central 
loculi in Dioecotaenia are in the form of hexagons, and marginal loculi are con-
necting modified hexagons. Thus, any scheme simulating development of the 
Dioecotaenia scolex must satisfy both sides of the equation and be consistent 
with the structural constraints of interlocking hexagons. 
Simulations 
SIMULATION 1: This simulation begins with an assumption that the archetypal 
bothridium comprised a single central hexagonal loculus surrounded by marginal 
loculi. Expected values for marginal loculi and for total number of loculi predicted 
by the equation above for a single central loculus (Table 1) are eight and nine, 
Table l. Values for simulated bothridialloculi based on observed patterns in Dioecotaenia cancellata 
and D. campbelli. 
"X" Central loculi no. Marginal loculi no. Total loculi no. 
1 (-1) (4) 3 
2 (0) (6) 6 
3 1 8 9 
4 2 10 12 
5 3 12 15 
6 4 14 18 
7 5 16 21 
8 6 18 24 
9 7 20 27 
10 8 22 30 
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Table 2. Values for simulated bothridialloculi based on assumption that archetypal bothridiaI mor. 
phology comprised a single central hexagonal loculus and interlocking marginal loculi. 
"X" Central loculi no. Marginal loculi no. Total loculi no. 
I 6 7 
2 8 10 
3 10 13 
4 12 16 
5 14 19 
6 16 22 
7 18 25 
8 20 28 
9 22 31 
10 24 34 
respectively. However, a single hexagonal loculus can accommodate only six 
interlocking hexagonal marginal loculi, giving only seven total loculi. Table 2 
presents predicted locular values under this simulation for a variety of values for 
the central loculi. In no case are the values required by the equation produced 
(compare with values in Table 1), so this model could not have produced the 
patterns seen in D. cancellata and D. campbelli. It is therefore rejected. 
SIMULATIONS 2 AND 3: Table 1 lists as three the smallest number of total loculi 
expected. This means only that some archetypal plan involving three loculi rep-
resents the greatest extent of extrapolation under this model. In fact, I will show 
later that not until X = 3 would bothridia characteristic of Dioecotaenia be rec-
ognizable unambiguously. Thus, any particular single loculus or simple sucker, 
or double loculus precursor would not be predicted from our observations. Two 
known tetraphyllidean genera each contain a single species characterized by tri-
loculate bothridia. Simulations 2 and 3 investigate the implications of considering 
each as possessing the archetypal bothridial morphology. 
SIMULATION 2: The scolex of Trilocularia acanthiaevulgaris as archetype. The 
bothridial architecture of T. acanthiaevulgaris is shown in Figure 2. It comprises 
three radially arranged interlocking loculi. Transformation of this plan to a struc-
ture characteristic of Dioecotaenia would require at least one doubling of loculi 
(to six) in order to produce a linear arrangement from a radial one, followed by 
progressive additions of three-loculi units. The transformation from radial to lin-
ear arrangement would have to be followed by some form of secondary radiality 
producing marginal loculi. I have reservations about this simulation for two rea-
sons. The first is the large number of ad hoc assumptions which must be made 
to explain what we see today, suggesting a more parsimonious argument exists. 
Second, I believe we have evidence that the evolution of the bothridial mor-
phology exhibited by Trilocularia proceeded in a manner different from that pos-
tulated in this simulation. Two additional tetraphyllideans, Zyxibothrium ka-
mienae and Pentaloculum symmetricum, possess bothridia similar in shape and 
attachment to those of Trilocularia, but have four and five loculi per bothridium, 
respectively (Figs. 3, 4). Hayden and Campbell (1981) have discussed other sim-
ilarities among these cestodes. It thus appears that bothridial evolution for this 
particular group of cestodes has proceeded by simple locular addition, from three 
to four to five. 
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Figures 2-4. Z. Scolex of Triloculmia acanthiaevulgaris. 3. Scolex of Zyxibothrium kamienae. 4. Scolex 
of Pentaloculum symmetricum. 
SIMULATION 3: The scolex of Tritaphros retzii as archetype. Tritaphros retzif 
possesses linear triloculate bothridia oriented horizontally (Fig. 5). In the latter 
respect they differ from bothridia of Rhinebothrium spp., of which they are rem-
iniscent. Transformation of this bothridial structure into that characteristic of 
Dioecotaenia may be accomplished with a minimum of assumptions and without 
compromising the structural constraints postulated herein. Three different de-
velopmental scenarios leading to the structures exhibited by Dioecotaenia from 
that possessed by T. retzii are displayed diagrammatically in Figure 6. Of those 
three scenarios, two require two different kinds of mechanisms whereas the third 
requires only one. Thus, a progressive doubling of loculi from X = 1 to X = 8 
could account for D. campbelli but not D. cancel/ata unless a secondary loss of 
one row was also postulated. Similarly, doubling from X = 1 to X = 4 followed 
by progressive addition of single rows of loculi would also require a change of 
mechanism. Because of our scanty knowledge, I prefer the third scenario, simple 
addition of three-loculi units, which requires only a single mechanism. 
Tritaphros is pertinent from another standpoint. Because of the horizontal 
orientation of its loculi, Dioecotaenia bothridial patterns could be formed from 
a Tritaphros archetype directly at X = 3. If the archetypal bothridial plan in-
cluded vertically oriented loculi as in Rhinebothrium, at X = 3 a bothridial plan 
5 
Figure 5. Scolex of Tritaphros retzii. 
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Figure 6. Results of simulation producing scolices of Dioecotaenia spp. from the scolex of Tritaphros 
retzii (upper left, X = 1). Arrows with solid head indicate seqnence produced by simulation, requiring 
only a single mechanism of development, addition of rows of loculi. Arrows with open heads indicate 
possible alternative scenarios requiring fewer steps but invoking two developmental mechanisms, dou· 
bling of rows of loculi and loss of a single row. 
similar to Dioecotaenia could be formed, but at X = 4 the orientation of the 
bothridial would be out of phase by 90°. In Dioecotae nia spp., the three rows of 
loculi occur vertically rather than horizontally. Thus, by the time X = 4 was 
achieved from a vertically oriented three-loculi pattern, a 90° rotation in locular 
orientation would be required (Fig. 6). 
Conclusions 
By rejecting simulation 1 and accepting simulation 3, this study supports the 
notion that the hexagonal structure of Dioecotaenia loculi is a derived feature. 
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I have no data suggesting how a transformation from non-hexagonal to hexagonal 
loculi could have been achieved. I only note that closest packing of objects is 
achieved if the objects are hexagons. Discovery of species exhibiting six or nine 
loculi per bothridium might provide data bearing on this matter. This report makes 
a number of predictions about expected bothridial morphotypes for undescribed 
Dioecotaenia species. Departure from the locular numbers depicted in Table 1 
in any new species would falsify the hypothesis presented in this paper. 
This study does not make any predictions about the origins of the dioecious 
nature of Dioecotaenia. Because there is no sexual dimorphism in scolex struc-
ture, there does not appear to be any ontogenetic relation between the two char-
acters beyond the fact that they are products of the same phylogenetic history. 
Thus, monoecious species exhibiting Dioecotaenia scolex morphology may exist. 
Alternatively, dioecious species possessing three or six bothridial loculi not im-
mediately recognizable as Dioecotaenia might also exist. 
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